Background: Children comprise a large proportion of the population in sub-Saharan Africa. The burden of paediatric surgical disease exceeds available resources in Africa, potentially increasing morbidity and mortality. There are few prospective paediatric perioperative outcomes studies, especially in low-and middle-income countries (LMICs). Methods: We conducted a 14-day multicentre, prospective, observational cohort study of paediatric patients (aged <16 yrs) undergoing surgery in 43 government-funded hospitals in South Africa. The primary outcome was the incidence of in-hospital postoperative complications. Results: We recruited 2024 patients at 43 hospitals. The overall incidence of postoperative complications was 9.7% [95% confidence interval (CI): 8.4e11.0]. The most common postoperative complications were infective (7.3%; 95% CI: 6.2e8.4%). In-hospital mortality rate was 1.1% (95% CI: 0.6e1.5), of which nine of the deaths (41%) were in ASA physical status 1 and 2 patients. The preoperative risk factors independently associated with postoperative complications were ASA physcial status, urgency of surgery, severity of surgery, and an infective indication for surgery. Conclusions: The risk factors, frequency, and type of complications after paediatric surgery differ between LMICs and high-income countries. The in-hospital mortality is 10 times greater than in high-income countries. These findings
Access to safe paediatric surgery is an ongoing challenge in lower-and middle-income countries. This large study conducted in South Africa found that one in 10 paediatric patients suffer a postoperative complication; most complications were infective. There are important differences in the pattern and incidence of postoperative complications after paediatric surgery in lower-and middle-income countries when compared with high-income countries.
Children comprise more than 40% of the sub-Saharan African population. 1 Despite a shift towards prioritising surgical care
as an essential 2e4 and cost-effective 5e7 public health intervention, deficits in human and material resources contribute to lack of access and poor outcomes for paediatric surgery in Africa. 8e12 In parts of Africa, less than one in three children and less than one in 20 neonates receive necessary surgery. 8, 10 For those children who do receive surgical care, there are few prospective studies that report perioperative outcomes. These studies are limited to predominantly high-income countries (HICs) 13 or to a single operative procedure. 14 Although there is a paucity of data from low-and middle-income countries (LMICs), we expect the incidence of perioperative complications and mortality to be higher 14 and the patient risk profile to differ, 15 which may result in a potential difference in the type and incidence of perioperative complications, when compared with HICs. In LMICs, paediatric surgery spans most hospitals, and data from tertiary paediatric surgical services alone do not necessarily reflect the majority of paediatric surgeries and their associated outcomes in a country. 16 Therefore, prospective countrywide data of paediatric surgical patients, which identify risk factors and associated complications, are needed in order to improve paediatric surgical outcomes in LMICs.
The primary objectives of this study were to provide prospective benchmark data for (i) the incidence of in-hospital postoperative complications, (ii) day of surgery and inhospital mortality, and (iii) the incidence of critical care (ICU) admissions in paediatric surgical patients in South Africa. The secondary objectives were to identify risk factors associated with in-hospital postoperative complications, and describe the case profile, workforce, and hospital bed resources.
Methods

Study design, setting, and participants
This 14-day multicentre, prospective, observational cohort study of paediatric patients (aged <16 yrs) undergoing surgery was registered on ClinicalTrials.gov (NCT03367832). Primary ethics approval was obtained from the University of KwaZulu-Natal Biomedical Research Ethics Committee (BE593/16). Further ethics approvals and appropriate gatekeeper permissions were obtained for all sites. Five university research ethics committees waived written informed patient consent. Two university research ethics committees (University of the Witwatersrand and University of Free State) required written informed consent from the parents or legal guardians, and assent from the patients, with approval of deferred consent for patients who could not give consent before surgery.
To obtain a representative sample across the country, all South African university departments and their affiliated hospitals were invited to participate. Additional sites were invited using professional contacts, society newsletters, and existing contact databases from similar adult studies. 15, 17 Participating sites selected a single 14-day recruitment period between May 22, 2017 and August 22, 2017, from 0700 hours on the first day to 0659 hours on the final recruitment day. Patients were followed to hospital discharge or censored at 30 days after operation if still in the hospital. Participating sites were provided with support via a study website (www. sapsos.co.za), which included all relevant documentation, including outcome definitions and frequently asked questions, and by selected site visits by A.T. and L.C.
The aim was to include all consecutive eligible patients to eliminate selection bias. Inclusion criteria were all patients <16 yrs and admitted to participating centres during the study period who underwent a surgical procedure, including daycase surgery and operative procedures outside operating theatres where a general anaesthetic (GA) was performed. Exclusions were obstetric surgical procedures; radiological or other procedures not requiring GA; or where general anaesthesia was provided, but no procedure was performed (e.g. GA during MRI).
Data collection and variables
All definitions, including outcome definitions and measures, were predefined (Supplementary Data). Before the study commencement, all participating sites documented hospitalspecific data, including service level; an estimation of the population served; number of hospital beds; operating rooms; critical care beds; nurse-to-patient ratios; and specialist surgical, anaesthetic, and paediatric workforce.
The following variables were collected as part of the study: age, gender, weight, presence of co-morbidities, and ASA physical status (PS). The type, severity, and urgency of operative procedure; primary indication for surgery (non-communicable, infective, traumatic, or congenital); and anaesthetic technique and complications were also recorded. Postoperative outcome variables collected were complications (graded as mild, moderate, or severe), length of stay (LOS), and status at hospital discharge, which was censored at 30 days if still in the hospital.
Data were collected for all patients on an operating room and postoperative paper case record form (CRF), with an additional CRF for any patient admitted to critical care during their hospital stay. Hospital site investigators transcribed data for each patient into a secure web-based application (Research Electronic Data Capture), 18 which generated an anonymised electronic patient record. Soft limits were set for data entry, prompting investigators when data were entered outside these limits. The study was reported in accordance with the (Strengthening the Reporting of Observational Studies in Epidemiology) statement. 19 
Statistical analysis
Audit data submitted to the steering committee from potential participating sites before the study suggested it would be possible to include 30 hospitals from six of the nine provinces and generate a sample size of approximately 2500 patients. A predicted recruitment of 95% of eligible patients from these hospitals would suggest that we could conservatively expect a sample size of at least 1750 paediatric surgical patients. Incidences of categorical variables were calculated and reported as number and percentage. Differences were compared using c 2 or Fisher's exact tests as appropriate. Continuous variables were calculated and presented as mean and standard deviation, or as median and inter-quartile range (IQR). A t-test for normally distributed data or ManneWhitney U-test for non-normally distributed data was used to compare differences in continuous variables. Binary outcome variables were presented as n, (%) with 95% confidence intervals (CIs).
Prediction of preoperative risk factors for the development of postoperative complications was performed using bivariate logistic regression analysis and is presented as unadjusted univariate and adjusted multivariate odds ratios and 95% CI. Based on our projected sample size, and to ensure that we did not violate the principle of 10 events per variable in a multivariate analysis of postoperative complications, 20 an a priori decision was taken to include the following candidate variables in a multivariate model based upon evidence from the available literature and biological plausibility: age; ASA physical status; urgency of surgery (routine, urgent, or emergency); primary indication for surgery (non-communicable, infective, traumatic, or congenital); presence of a preoperative comorbid disorder [cardiac disease, lower respiratory tract infection, pulmonary hypertension, human immunodeficiency virus and acquired immune deficiency syndrome (HIV/ AIDS), or a congenital syndrome]; severity of surgery (minor, intermediate, or major); and type of surgery (cardiac or neurosurgery). Factors were tested for collinearity and excluded if a variance inflation factor was >2. With a predicted incidence of 5% for postoperative complications, the expected sample size would provide sufficient events to prevent model overfitting. As <5% of the data were missing for the primary outcomes, a complete case analysis was used. 21 Statistical analyses were performed using SPSS statistics version 25 (IBM, Chicago, IL, USA). For all analyses, P>0.05 was considered statistically significant.
Results
Between May 22, 2017 and August 22, 2017, 2024 patients were recruited ( Fig. 1 ) from the 43 enrolled government-funded hospitals. One hospital withdrew on the first day of recruitment because of a fire in the theatre complex, leaving nine (21%) primary-level, 17 (41%) secondary-level, seven (17%) tertiarylevel, and nine (21%) central (tertiary level acting as main university teaching platform) hospitals. Only two of the hospitals were dedicated paediatric hospitals (one tertiary and one district), whilst the others provided mixed adult and paediatric surgical care. Six of the nine national provinces were represented, providing coverage of approximately 75% of the overall population in South Africa, with participating hospitals serving an estimated paediatric population of 8.5 million children. 22 
Cohort characteristics
The mean patient age was 5.9 (range 0e15.9) yrs with a majority of males in the cohort (Table 1) . Most patients had a low preoperative risk profile; 66% were graded as ASA PS 1. The most common acute co-morbidity was an upper respiratory tract infection (4.4%), whilst congenital syndromes (6.5%) and congenital heart disease (4.5%) were the most common chronic co-morbidities. HIV/AIDS was present in 2.5% (51) of patients. Most surgeries were minor scheduled surgeries. Overall, only 7.5% of patients had major surgery, although this proportion doubled in patients presenting for emergency surgery. The primary indication for surgery was evenly distributed, but surgery for congenital and infective indications was associated with increased complications. Orthopaedic and ear, nose, and throat surgeries were most common. Cardiac and neurosurgery represented 2.6% and 4.4% of operative procedures, respectively. A surgical checklist was used in 70.9% of cases.
Primary outcomes
Outcome data were complete for 97.6% of patients for postoperative complications, 99.5% for mortality, and 100% for critical care admission. A total of 346 postoperative complications occurred in 192 patients, an overall incidence of 9.7% In-hospital mortality rate was 1.1% (95% CI: 0.6e1.5; n¼22/ 2014), which is equivalent to an in-hospital perioperative mortality rate of 109 per 100 000 cases (95% CI: 88.5e129.4). Mortality on the day of surgery was 14.8 per 100 000 cases (95% CI: 7.2e22.3), and one-third of all deaths occurred within 1 day of surgery [34.8 per 100 000 case (95% CI: 23.2e46.3)]. The median time of death was 4 days (IQR: 1.0e8.0). Of the 22 deaths, the majority occurred at a tertiary facility (20/22) , with a single death each at a primary-level and at a secondary-level facility. Nine of the deaths (40.9%) were in ASA PS 1 and 2 patients. The majority of patients who died were not admitted to a critical care ward (54.5%; n¼12/22) at any stage during their hospital stay.
One hundred and sixty patients were admitted to critical care (ICU) (7.9%; 95% CI: 6.7e9.0). Almost all of these admissions (96%) were immediately after surgery and 40.5% were unplanned.
Preoperative factors associated with complications
The ASA PS, urgency of surgery, severity of surgery, and an infective indication for surgery were independently associated with postoperative complications and are shown in Table 3 .
Process measures
The median length of stay (LOS) was 1 day (1e5), with three quarters of the cohort having an overnight hospital admission. Postoperative complications, major surgery, or an ICU admission significantly increased the hospital LOS. The median LOS for patients without a complication was 1 day (0e3), increasing to 15 days (6e30) for patients with a postoperative complication (P<0.001). Major surgery increased the LOS to 8 days (5e15.8) compared with 1 day (0e2) for minor surgery (P<0.001). Patients admitted to the ICU had an overall hospital LOS of 13 days (6e25) when compared with others (P<0.001).
Hospital and workforce indicators
Hospitals had a median of 499 (304e867) hospital beds and five operating rooms (4e10). Approximately half the hospitals (23/ 42) had a paediatric critical care bed, with a median of four (from two to seven) critical care beds in these hospitals. Hospitals were staffed by a median of three (0.75e8) specialist paediatricians (n ¼ 256), three (from one to six) specialist surgeons (n ¼ 221), and three (1e5.75) specialist anaesthetists (n ¼ 208). The median surgical and anaesthetic specialist workforce was 6.0 (2e10.25) specialists per hospital (n ¼ 429), equivalent to five to six specialists per 100 000 paediatric population. The median number of surgical procedures performed was 31 (10e65.5) per hospital in the study weeks, an estimated rate of 619 (95% CI: 570e667) procedures per 100 000 paediatric population per year.
Discussion
This prospective, observational study of perioperative outcomes in South African paediatric surgical patients reports that one in 10 patients suffer a postoperative complication, with an in-hospital mortality of one in 100. Most of the complications were infective, with one in 22 patients developing an SSI. Almost half of deaths occurred in ASA physical status 1 and 2 patients, and one-third occurred within 1 day of surgery.
This study identified three important differences regarding postoperative complications after paediatric surgery in LMICs, when compared with HICs. Firstly, the dominant complications differ. In HICs, the majority of postoperative complications are non-infective, 14,23 whilst in this study, infective complications predominated. Secondly, the incidence of postoperative complications was more frequent in this study of a middle-income country (MIC) than that reported in HICs (1.1e6.2% of patients), 14,23,24 but lower than that seen in lowincome countries (LICs). 14, 23 However, it remains difficult to directly compare postoperative complication rates between countries as a result of varying study definitions, a lack of national data reports, and reports that are limited to specific surgical procedures.
14,23e26
Thirdly, the identified risk factors for complications were different to those found in HICs. 23 Identification of risk factors for perioperative complications may guide potential clinical decision-making, interventions, and the allocation of resources needed to decrease these complications. Weinberg and colleagues 23 investigated the risk factors for postoperative complications and mortality in paediatric surgical patients in an HIC, and were able to construct and validate 27 a preoperative and overall risk score model for these outcomes. They identified six independent preoperative variables (gestational age; ASA physical status >3; a history of cardiovascular comorbidities; and cardiovascular, neurological, or orthopaedic surgical procedures) as predictors of postoperative complications. In comparison, in our study, four preoperative risk factors were identified: infection as an indication for surgery, ASA physical status, surgical urgency, and severity of surgery. Age, type of surgery, and co-morbidities were not independently associated with postoperative complications. This suggests that perioperative risk stratification in paediatric surgical patients in LMICs may differ from that of HICs. This study supports previous studies that highlight the impact of emergency surgery and infection on paediatric surgical morbidity in Africa. 14, 28, 29 In addition, it demonstrates that infection as an indication for surgery is an important predictor of risk. Paediatric surgical mortality in LMICs has been reported to be from two to 10 times that of HICs, 14,25,26 and 100-fold higher for certain LICs. 25,26,29e32 However, the majority only report 24 h mortality. It is possible that the retrospective estimates of paediatric outcomes in LMICs are potentially conservative. In South Africa, a retrospective study of the perioperative mortality of one tertiary dedicated paediatric surgical service was reported to have a similar mortality to retrospective studies in HICs. 16, 33, 34 The perioperative mortality in our study is 10 times that of a prospective study in HICs. 13 The potential reasons for this difference in mortality would be multifactorial and speculative. Poor access resulting in delayed presentation to specialist care could be one of the reasons. Whilst in Europe, only 12% of deaths at 30 days occur in ASA physical status 1 and 2 patients (data extracted from the Anaesthesia Practice in Children Observational Trial study), 13 in South Africa 40% of deaths occur in these low-risk patient categories. It is possible that these deaths may follow a missed critical incident or postoperative complication resulting in 'failure to rescue'. These are important signals, and further work is needed to determine what the potential drivers are for paediatric perioperative mortality in LMICs.
Strengths
The strength of this study is that the simple pragmatic design ensured high compliance in a resource-constrained environment, with a good representation of the paediatric population, with more than half of the potential paediatric surgical population in South Africa represented. These data, therefore, reflect the broader paediatric surgical service of a MIC, and illustrate the differences in risk factors and outcomes when compared with HICs.
Weaknesses
The majority of hospitals and doctors in LMICs provide a service to a mixed adult and paediatric population, and it was therefore difficult to report on the specialist workforce density and bed resources for paediatric surgical patients as planned.
As the specialist paediatric surgical provision is limited in LMICs, it is therefore important that a new definition of an adequacy of paediatric surgical provision is agreed upon for LMICs to address this shortcoming. Based on the small numbers associated with mortality, the missing outcomes data for mortality may have affected our results. Should all these missing patients (n ¼ 10) have died, then the mortality for the cohort would be 32/2024 (1.7%; 95% CI: 1.1e2.3). The impact of the missing complication outcomes data is markedly less on the interpretation of the data presented, as it was < 2.5% of the data set, and hence, would not adversely affect our whole case analysis of associations with postoperative complications. 21 Finally, the data submitted were not validated, with the exception of the soft data limits at the time of data submission and the queries to investigators of data outliers during data cleaning.
We believe the results from this study are generalisable to the South African public service; however, further work is needed to determine whether it is generalisable to other LMICS. In LMICs, the burden of surgical disease in children is high, with a reported surgical need in almost 20% of children, of which 62% is unmet. 8 Globally, the reported surgical need per capita is 4664 per 100 000 population per year, which increases to 7000 per 100 000 population per year in Africa. 35 As children (<15 yrs old) constitute 40% of the sub-Saharan African population, we therefore estimate that the surgical need in Complications by severity Mild, n/N (%) Moderate, n/N (%) Severe, n/N (%)
children is between 2000 and 3000 operations/100 000 population per year. 36 This study further indicates that South Africa is currently achieving between one-third and one-fifth of its predicted met surgical need in paediatric patients. Furthermore, in order to benchmark paediatric outcomes globally, universal definitions of paediatric perioperative outcomes are needed. The Paediatric Perioperative Outcomes Group has started work on developing paediatric perioperative core outcome sets. 37 Finally, the differences between risk factors, type, and frequency of perioperative complications between South Africa and the literature from HICs suggest that further prospective studies are needed from LMICs, which may result in the development of a risk prediction tool specific for the LMIC paediatric surgical environments. 38 Only once we understand the risk factors for paediatric surgical morbidity in this environment will we be able to target interventions with potential therapeutic benefit. The risk factors, frequency, and type of postoperative complications differ between paediatric surgical patients in LMICs and HICs. These findings have implications for developing strategies to improve paediatric surgical outcomes in LMICs, and support the need for larger prospective, observational paediatric surgical outcomes research in LMICs. 
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